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In male 1-7 mo. old rats, the growth and the protein content of skeletal,
muscles were higher than in female rats while the 02 consumption and the
:ream rate were lower.	 This is combined with reduction of the thyroid
gland weight and of catecholamine content in adrenals at the age of 7
moos.	 The development of mare and female rats (1-7 mo.) under conditions
of systematic muscular loads increases the growth tempo and protein of
skeletal muscles and intensifies the degree of reduction of energy expen-
diture and the heart rate.	 This is accompanied by the greater reduct',on
of relative weight of the thyroid gland and, at the age of 7 mo., by
reduction of the noradrenaline content in the brainstem. 	 Hypodynamic
conditon have the exact opposite effect.
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UDC 612.745 + 612.4,E

CHANGE IN ENERGY EXPENDITURE AND BRAIN AND ADRENAL CONTENT CP CATER
CHOL MINES IN BATS DURING MUSCULAR WADING AND HYPOKINE,'SIA

By

Y. D. Rozanova, T. G. Savkiv and N. A. Kholorova*

laboratory works have demonstrated that in the process of postnatal, onto 	 I^Ow°k^

genesis in animals a reduction occurs in the energy expenditures and activity of

the respiratory system and the heart. it is more pronounced the more Intensive

the natural motor loads axe in the representatives of a certain species of animal

after: the occurrence of the posture of standing and locomotion LO-6,10 0 14 --17]

Our task was to study the sexual features of growth and development of the

skeletal musculature, degree of reduction in the specific consumption of oxygen

and cardiac activity in rats during their development under conditions of different

f,-ems of physical loads. Until now such type of study was carried out Mainly on

males or on animals without their differentiation according to sex. In relation to

the data obtained in previous works on the great pronouncement of the cholinexgic

mechanisms of regulation in rats developing under conditions of motor loads Ll,

10-13, 15, 16], one of the tasks of this study was to determine the content of

catecholamines (CA) in the brain and adrenal glands in rats developing with a

varying level of muscle activity.

Technique

There were 7 groups of mongrel rats under observation in age from 1 to 7 months:

females and males developing under normal conditions of maintenance (control)f

*Laboratory of Age-Related and Comparative Pathophysiolo.gy, of the Institute
of General Pathology and Pathophysiology, USSR Academy of Merfcal. Sciences, Moscow

*Numbers in wzargin indicate pagination in original fori3ign text.



females and males developing tinder physical loader of runningl females and sales
developing under loads of swismings males developing under conditions of hype-
kinesia. Running and swimming were conducted every other day, increasing its

duration from 5 to 30 min, in age from 1 to 4 months, and from 30 to 100 min.
in age from 4 to 7 months with water temperature in the basin equal to 25-260.
Hypokinesia was created by keeping the rats in close cages with temperature 28-3200
corresponding to the thermo-Indifferent sane that excluded the thermoregulation -
load on the Oroletal musculature. In age 1,40 months the body weight and oxygen

consumption were determined according to the technique of Kalabukhov -Grad [73

with temperature of 22-230 , i.e.j with temperature of the medium for maintaining

them in the cages. An exception was the sale's-exposed to hypokinesia for whom the 130
analysis was made at 28-32 0. In all the rats the cardiac contraction rate (CCR)
was recorded from EKG data. At 1,L and 7 months part of the rats were killed (in 2
days after the last load) and the absolute and relative weight of the muscle mass

and the concentration of protein to it were determined accordiiig to Lowry [1939
as well as the content of novadrenaline (N) in the brainstem ;end the total content
of adrenaline (A) grid noradrenaline in the adrenal glands by the fluorometric
trioxyi,ndole method L91. Due to known data on the effect of thyroid hormones on

the level of oxygen consumption the relative weight of the thyroid gland was
determined. The results were statistically processed.

giwy e ult&

The data of all the experiments axapresented in the table. First of all
one should focus attention on the difference in the changes of growth and studied

functional indices in the control rats depending on sex. Considerable sexual
differences are found already in the 4-month age, when sexual maturation is com-
pletely finished in the rats. It is shown that the body weight in the control
males at 4 and 7 months is 40 and 63% higher than in the females. This difference
is mainly reached due to the higher absolute weight of the muscle mass in the first,

which is 56 and 509 higher than in the second. The relative weight of the muscle

mass in the control males of k and 7 months is also higher than in the females.

The increased growth of the skeletal musculature in the males is apparently linked
to the higher synthesis of protein whose concentration in their muscle tissue is
6 and	 higher than in the females. Higher rates of growth in the males are
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combined with reduced amounts of energy expenditures and cawdiac activity in the

state of rest. From l to 7 months the oxygen consumption and OCR ate reduced in 	 /306

the males by 64.3 and 43,%, and in the females by 34,7 and 34.894. Changes in
body weight, muscle mass and functional indices in the rats of both sexes in the

second half year 
were 

less pronounced than in the age 1-7 months (see figure)-

Comparison of the employed parameters in the control males and females in age

4 and 7 months demonstrates that the first are characterized by lower specific

amounts of oxygen consumption (by 13 and 24% respectively)  ez compared to those
in the females of 4 and 7 monthse

in the control rats by the fourth month the content of noradrenaline in the

brainstem and catecholamnes in the adrenal glands is increased as compared to the
1-month age. By age 7 months the CA increase continues in the adrenal 'glands,

while in the braf.nstem the N content is reduced, whereupon this reduction is move

pronounced in the males.

Rats of 4 and 7 months (males and females) developing from age 1 month under

conditions of systematic motor loads are distinguished by snore intensive growth of

the skeletal musculature and organism as a whole and reduced energy expenditures
and CCR as compared to the indices of the control animals of the same age and sex.

Thus " the body weight and muscle mass in the "running" males at 4 and 7 months
were 10 an4 18%, and the weight of the "swimming" 7 and 10% higher than in the
control ma:;as. In the experimental females a higher body weight and muscles mass

were also found, as well as protein concentration in the muscles as compared to
that in the control females. However, this increase is less pronounced than in
the males,

The level of energy expenditures and cardiac activity in the state of rest
in the experimental rats was lower than in the controls, espaAally in the males
and especially with the running loads. Thus, In the "running" males of 4 and 7
months the specific consumption of c,.,Vgen is 24 and 20% lower, and In the ewimming
rats 15 and 1 lower than in the co.-trot males. Correspondingly the CCR in the
experimental males of both groups is 12 and 13, a:1d 10 and 10% lower than in the
control. In the experimental females from l to 7 months the decrease in 0 2 con-
sumption and CCR is less pronounced (by 61 and 6%) than in the experimental 	 /307
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Figure 1. Consumption of Oxygen, Cardiac Contraction Rate (CCR) (A), Body Weight
and Weight of Muscle Mass (B) in Rats, Males and Females 1-13 Months
On At 1--CCR in p 2--CCR in ds 3­02

 consumption in *s 4--02 con-

sumption in d''i on Bs 1--body weight ds 2- body weight W 3--muscle
weight (A 4--muscle weight *.

males (lay 74 and 72%) .

The table also presents data on the features of the changes in CA in the

brain and adrenal glands in experimental rats due to the intensified loads. One can

see that at the 4 month age the N content in the brain in them does not differ sta-

tistically from the data of the control rats of the same sex and age, although there

is a {tendency to drop. An exception is the "running" males in whom this trend is

lacking, but at the same time A reliable decrease in CA is observed in the adrenal

glands. As compared to the 1 month age the N content in the brain stem and the CA

in the adrenal glands in the experimental rats of 4 months, as in the controls

increased. Only by 7-month age in the experimental males and females did we

establish a reliable decrease in the N in the brain as compared to the amounts in

the control, especially wath their development under conditions of running loads

Thus, in the 7-month old "running" males the noradrenaline content in the brain

stem was 33% lower, and in the "running" females 30% lower than in the control

animals of this same age. The decrease in N in the brain stem in the "swimming"
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females is lose pronounced (by 1%) and in the males is not reliable. The CA

content in the adrenals in the experimental rats of age 7 months is not die

tinguished from the corresponding amounts in the control, with the exception of

the "running" ta-les ir. whom it was reduced.

The cited data make it possible to see that the muscle loads induced non-

equivalont changes depending on their nature, The greatest reduction in energy

expenditures, cardiac activity and catecholamines is induced by running, 
1#1#

The development of the male rats from 1 to 7 months under conditions of

hypokinesia induces a change in the studied indices in the opposite direction,

The body weight and muscle mass, as well as the protein concentration in it were

18,9 and % (respectively) lower than in the control ?-month old males. On the

contrary, the oxygen consumption and CCR were 50 and ly higher than in the control

animals, The CA content in the adrenal glands did not differ from the amount in

the control, and the brainstem has a tendency to increase N, The males exposed

to hypokinesia•for all indices sharply differed from the 7-month olds exposed

to hyporkines a, especially the "running" males,

Discussion of Results

The higher indices of growth and development that we established in the

skeletal musculature in the control males as compared to the females, increased

amounts of absolute and relative weight of the muscle mass and protein concen-

tration in it were combined with reduced energy expenditures and CCR.

The dependence of the intensity of growth and the degree of reduction in

the amounts of oxygen consumption on the level of development of the skeletal

musculature to an even greater degree was shown in the experiments where the

males and females from 1-month age were placed under conditions of development

with systematic loads of running and swimming. The great intensity of growth

in the skeletal musculature an3 organism as a whole (especially under running

loads) found here in the males and females can be linked to the increased pro-

tein synthesis that is combined in the state of rest with a reduced oxygen

consumption and CCR.



r

f 7
a

It is important to focua attention on the fact that the change in the studied

indices in the experimental females brings them closer to those in the control

males of the same age.

Above we recalled laboratory works where the importance w4a shown of the

intensification with age in the cholinergic mechanisms of regulation expressed in

a reduction in the cholinesterase activity in the blood and in the tissues (in the

brain and heart) and economizing the level of energy expenditures and cardiac

activity in the state of rest [1, 8, 10-13, 15, 16]. This reduction was found in

rats already from age 3 weeks, whsn the posture of standing develops, and by the

age 4 months is sharply pronounced. At the sates time the content of GA by this age 1308
not only is not reduced, byt, on the contrary, is increased, In the experimental,

rats at age 4 months, in the same way as the control, the N content, in the brain

and CA in the adrenals #s increased as compared to that at age 1 month, reflecting

the species peculiarities in the change of monoamines in ontogenesis of rats as

compared to other species of animals in whom the N decrease in the brain occurs

in earlier periods of ontogenesis L1$3•

In this respect, in this work we attempted to clarify to what measure the

decrease in oxygen consumption and CCR by age 4 months in the control and experimen-

tal rats can be linked to the reduction in activity of the thyroid gland.

According to our data, the relative weight of the latter in the control males from

1 to 4 months was reduced almost 3-fold (0.014 0.00 136 and 0,00588±0.00024 re-
spectively) and in the control females almost 2-fold (0.0135±0.00071 and 0.00654

+0.0028%). Thnv is m even greater (as compared to the control) reduction in

the relative weight of the thyroid gland in the running (up to 0.00500+0'00010%)

and in the swimming (up to 0.00511+0,00012%) males from l to 4 months of age. In

males of 4 months the reduction in 'relative weight of the thyroid gland as com-

pared to that in the control (0.00654}0.00018%) is expressed less with running

loads (0.006o9+p.000l%) and in swimming (0,00615t0.00014%). These data make it

possible to toTothesize,that the reduction by age 4 months in the 0 2 consumption

and CCR is linked not only to the increase in the role of the cholinergic mechanisms,

but also to the decrease in activity of the thyroid gland.

The oppositely-directed (as compared to the muscle-active males) changes

found in the 7-month old males exposed to hypokinesia in the functional. indices

7
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linked to the lower development and growth of the skeletal musculature are combined

with a higher relative weight of the thyroid gland (0.0055410.000 ) than in the

control rats (0.00510.0001-%), and with the presence of a trend towards increase

In the noradrenaline content in the brainntem.

The data obtained in this work confirm the previously found value in our

laboratory for the features of development of the skeletal musculature as a factor

determining the level of energy expenditures and activity of tk' autonomic organs,

in particular the heaxt, in different periods of ontogenesia, which was expressed

in the energy rule of the skeletal muscles formulated by 1, A, Arshayskiy [,2-4].

At' the same time the importance of the factor of motor activity in the process of
growth was unambiguously shown to be dependent on the sex of the developing organism,

as well as on the type of motor loads.
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